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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]A polyimide seamless tube which consists of polyimide shown in a general formula (1), 
and is characterized by a modulus of elasticity in tension in a longitudinal direction being more 
than 480kg[/mm ] 2 . [n shows an integer of 1-20 among a formula. ] 
[Chemical formula 1] 
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[Claim 2]The polyimide seamless tube according to claim 1, wherein water absorption after 24- 
hour flood is less than 2 mass % and a rate of a dimensional change in a longitudinal direction and 
a hoop direction is less than 0.1%. 

[Claim 3]The polyimide seamless tube according to claim 1, wherein the amount of preferred 
orientation of a chain in a longitudinal direction and a hoop direction is less than 0.1. 
[Claim 4)The polyimide seamless tube according to claim 1 more than 0.1 mass % containing less 
than 5 mass % for carbon black. 

[Claim 5]The polyimide seamless tube according to claim 1, wherein length does 0.1-10 mass % 
content of carbon fiber below 4 mm. 

[Claim 6]A manufacturing method of the polyimide seamless tube according to claim 1, wherein a 
salt which consists of diamine shown in carboxylic acid shown in a following general formula (2) 
and a following general formula (3) fabricates a polyimide precursor solution which is dissolving 
into a solvent as a solute and imide-izes a polyimide precursor. [I expresses an integer of 0-20 
among a formula, m expresses an integer of 0-20, and l+m is 1-20. ] 
[Chemical formula 2] 
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[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
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2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention has a rate of high elasticity, and relates to a polyimide 
seamless tube with low water absorption, and a manufacturing method for the same. 
[0002] 

[Description of the Prior Art][Description of the Prior Art]. Engineering plastic ****** to which 
the demand has increased total aroma polyimide by in recent years in various fields of industry 
from the outstanding heat resistance, the antifriction, the antiwear characteristic, and the 
mechanical property. 

It is one **, and is used for various components in that it excels in the heat resistance and 
abrasion resistance in OA equipment industry especially, and the use range is sudden. 

[0003]Since power consumption is large, research of the heat fusing unit provided with the small 
line heater using a polyimide seamless tube and development are following quickly the rubber 
covering metal nature cylindrical heater especially used conventionally in the printer and the 
heat fusing unit of a copying machine. By two or more solids of revolution, this heat fusing unit is 
supported and driven from that inside, and in order to suppress the position gap by meandering 
of a tube, the end is stopped by the bearing. 
[0004] 

[Problem to be solved by the invention]However, generally, the seamless tube made from 
polymer had the problem of normal operation becoming impossible by the end which touches a 
bearing bending [ which gets turned up and returns ], when it was inferior in respect of a 
mechanical property compared with metal seamless tubes and a position gap advanced to a 
degree very much. A possibility that the number of sheets which is printed and is copied within 
fixed time especially in a high-speed model will increase compared with the usual model is high, 
and a position gap of few support and drive rollers also produces the above-mentioned problem 
for a short period of time. The maintenance for every short period of time was needed for 
avoiding this, and there was a problem that holding cost will be very expensive. 
[0005]Although using for JP,H10~831 22,A the polyimide seamless tube which has an elastic 
modulus more than 350kg[/mm ] 2 as a means to solve this problem is indicated, When 
improvement in the speed progresses, meandering is large to one side in an unit time period, and 
what has an elastic modulus beyond this is needed for a longitudinal direction about the stable 
use during an unit time period. Although the seamless tube of 700kg[/mm ] 2 is shown in JP,8- 
80580,A, an elastic modulus. Since the inorganic substance particles contained are insulating 
materials, are charged when it applies to OA equipment, and when it uses for a printer and a 
copying machine, cause adhesion of a toner, and a print image is confused, and also since it was 
mixed material, there was the necessity of preparing a raw material separately, and there was a 
problem of becoming expensive in cost. 

[0006]Although thickness more than [ a certain ] fixed was needed for raising an absolute value 
of withstand load, generally polyimide film-like molding had the problem that an elastic modulus 
fell as the thickness became thick. When humidity rises by change of climate, a fixing tube 
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absorbs moisture in the atmosphere and there is concern from which a size changes. Such a 
dimensional change causes a bias under rotation of a tube. A polyimide seamless tube is 
fabricated using a cylindrical metallic mold in many cases as indicated by JP.6-23770.A, but 
generally a polyimide Plastic solid fabricates that precursor, is acquired by imide-szing this, and 
produces big contraction in this imide-ized process. When it fabricates using a cylindrical 
metallic moid, a polyimide molecule tends to start orientation to a longitudinal direction, and an 
elastic modulus with the bigger longitudinal direction than a hoop direction is shown in many 
cases. Though this has sufficient mechanical property for a longitudinal direction, it is easy to 
produce a phenomenon of being insufficient for a hoop direction. 

[0007]In view of the above-mentioned situation, the amount of preferred orientation of a chain in 
a longitudinal direction and a hoop direction is low, and does not show antsotropy substantially, 
but has a high elastic modulus also in a longitudinal direction and a hoop direction, and there is 
problem of this invention in providing a polyimide seamless tube with low water absorption, and a 
manufacturing method for the same. 
[0008] 

[Means for solving problem]A polyimide seamless tube produced by this invention persons 
fabricating a polyimide precursor solution which has specific chemical structure, The amount of 
preferred orientation in a longitudinal direction and a hoop direction could be almost equal, a rate 
of high elasticity could be shown, and it could be made water absorption is low and thicker than 
what has been used conventionally, and found out that endurance improved by leaps and bounds, 
and this invention was reached based on this knowledge. 

[0009]That is, a summary of this invention is a polyimide seamless tube which consists of 
polyimide shown [ 1st ] in a general formula (1), and is characterized by a modulus of elasticity in 

tension in a longitudinal direction being more than 480kg[/mm ] 2 . [n shows an integer of 1-20 

among a formula. ] 

[0010] 

[Chemical formula 3] 
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[0011] It is the aforementioned polyimide seamless tube characterized by water absorption after 
24-hour flood being less than 2 mass %, and a rate of a dimensional change in a longitudinal 
direction and a hoop direction being less than 0.1% the 2nd, It is the aforementioned polyimide 
seamless tube characterized [ 3rd ] by the amount of preferred orientation of a chain in a 
longitudinal direction and a hoop direction being less than 0.1, It is the aforementioned polyimide 
seamless tube less than 5 mass % containing [ 4th / more than 0.1 mass % ] carbon black, The 
5th length of 0.1-10 mass % content is the aforementioned polyimide seamless tube carrying out 
about carbon fiber below 4 mm, It is a manufacturing method of a polyimide seamless tube, 
wherein a salt which consists of diamine shown in carboxylic acid shown in a following general 
formula (2) and a following general formula (3) fabricates a polyimide precursor solution which is 
dissolving into a solvent as a solute and irnide-izes [ 6th ] a polyimide precursor. [I expresses an 
integer of 0-20 among a formula, m expresses an integer of 0-20, and l+m is 1-20. ] 
[0012] 

[Chemical formula 4] 
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[0013] 

[Mode for carrying out the invention]Hereafter, this invention is explained in detail. First, the 
term used by this invention is explained. 

(1) Say the organic polymer in which more than 80 mol % of the repeating unit of a polyimide 
polymer chain has imide structure. And this organic polymer shows heat resistance. 

(2) Say the organic compound which carries out a ring closure by polyimide precursor heating or 
a chemical operation, and serves as polyimide. Here, a ring closure means that imide ring 
structure is formed. 

(3) The polyimide precursor solution polyimide precursor is dissolving in the solvent. The solvent 
refers to a liquefied compound at 25 ** here. 

(4) Measure the rotation viscosity at 20 ** using viscosity TOKIMEG [, INC. ], INC. make and a 
DVL-BH type digital viscosity meter (Brookfield viscometer). 

[0014](5) Using the DEJIMA tic micrometer by thickness Mitutoyo Corp., measure the thickness 
of a polyimide film at ten places, and ask as the average value. 

(6) Measure based on modulus-of-elasticity-in-tension JISK-7127. 

(7) The variation of the size before and behind the immersion to size rate-of-change water was 
calculated at a rate with a full scale. 

(8) It is shown by the water absorption after being immersed into the pure water maintained at 
the water absorption of 25 ** for 24 hours. 

(9) In the crystalline diffraction peak observed by the amount-of-preferred-orientation X-ray 
inspection, fix 2theta angle and put pi computed by the following formula to the half peak width H 
obtained from theta-diffraction intensity curve produced by changing theta angle. 

pi=(1 80-H) /1 80 [0015] Furthermore, this invention is explained. The polyimide seamless tube of 
this invention has the chemical structure shown in a general formula (1), and it is preferred that 
thickness is not less than 55 micrometers. That it is seamless means what a viewing top joint is 
not not only checked, but the point that weighted solidity changes with bending tests does not 
produce in the shape of one row in a longitudinal direction. In this invention, although the value 
of the modulus of elasticity in tension of a longitudinal direction changes with operating 
conditions, such as an operating environment of a seamless tube, and prestretching power, when 
the case where it serves as the use of an intermediate transfer belt, a carrying and transferring 
belt, etc. is taken into consideration, it is more than 480kg[/mm ] 2 More than 500kg[/mm ] 2 is 
preferred, and especially since a practical color shift will hardly arise if it is more than 550kg 
[/mm ] 2 it is desirable. 
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[0016]It is preferred to make the polyimide seamless tube of this invention less than 5 mass % 
contain [ more than 0.1 mass % ] carbon black from a conductive viewpoint. In order not to 
demonstrate a conductive effect, but to make conductivity reveal stabiy and to maintain 
mechanical properties, such as cancellation intensity, less than 5 mass % is [ more than 2 mass 
% ] preferred at less than 0.1 mass %. In the polyimide seamless tube of this invention, when 
length blended the carbon fiber below 4 mm at 1 micrometers or more as a method of making a 
modulus of elasticity in tension still higher in the diameter of the section, it was acquired as 
knowledge that an elastic modulus improves. As loadings of carbon fiber, 0.1 - 10 mass % is 
preferred. When the diameter of a section of carbon fiber uses the thing below 1 micrometer, it 
is hard to distribute in parallel to a plane direction. When length is not less than 4 mm, the 
distribution to a raw material solution becomes difficult, and the polyimide seamless tube 
distributed uniformly may not be obtained. Shaping will become difficult, if a blending effect is not 
demonstrated by less than 0.1 mass % but the loadings of carbon fiber exceed 10 mass %. 1 - 5 
mass % of loadings is more preferred. A conductive effect is also demonstrated for blending 
carbon fiber. 

[001 7]ln order not to spoil the function of an intermediate transfer belt and a carrying and 
transferring belt under the influence of external, as for the polyimide seamless tube of this 
invention, it is preferred that the water absorption after 24-hour flood is less than 2 mass %, and 
below its 1 mass % is still more preferred. It is preferred that the rate of a dimensional change in 
a longitudinal direction and a hoop direction is less than 0.1 similarly, and it is still more preferred 
that it is less than 0.05. 

[001 8]A salt which consists of diamine shown in carboxylic acid shown in a following genera! 
formula (2) and a following general formula (3) fabricates a polyimide precursor solution which is 
dissolving into a solvent as a solute, and a polyimide seamless tube of this invention is obtained 
by imideHzing a polyimide precursor. It can manufacture by adopting a publicly known method as 
a forming method, for example, applying to inner surfaces, such as resin annular solid 
manufacture using methods, such as rotational casting, and performing solvent removal and 

imide-ization simultaneous or by ranking second and heating. In a general formula (2), shows a 

with hydrogen or a carbon number of seven or less univalent organic group, and a methyl group, 
an ethyl group, a propyl group, an isopropyl group, etc. are mentioned as a univalent organic 
group, I shows an integer of 0~20, m shows an integer of 0-20, and 1+m is an integer of 1-20. 
[0019]In this invention, if it is a solvent which melts a salt which consists of diamine shown in 
carboxylic acid shown in a general formula (2) as a solvent, and a general formula (3), any 
solvents can be used. For example, N-methyl pyrrolidone, N.N-dimethylformamide which are 
aprotic polar solvents, N,N-dimethylacetamide, dimethyl sulfoxide, hexamethyl FOSUFORA 
amide, 2-methoxyethanol, 2-ethoxyethanol which are ether system compounds, 2- 
(methoxymethoxy) ethoxyethanol, 2™isopropoxy ethanol, 2-butoxyethanol, tetrahydrofurfuryl 
alcohol, a diethylene glycol, Diethylene glycol monomethyi ether, diethyiene glycol monoethyi 
ether, Diethylene-glycol monobutyl ether, triethylene glycol, Triethylene glycol monoethyi ether, 
tetraethylene glycol, 1-methoxy-2-propanol, 1-ethoxy~2~propanol, Dipropylene glycol, 
dipropylene glycol monomethyi ether, Dipropylene glycol monoethyi ether, tripropyllene glycol 
monomethyi ether, a polyethylene glycol, a polypropylene glycol, a tetrahydrofuran, dioxane, 1, 2- 
dimethoxyethane, diethylene glycol dimethyl ether, , They are diethylene-glycol diethylether and 
a water-soluble alcohol system compound. Methanol, ethanol, 1-propanol, 2-propanol, tert-butyl 
alcohol, Ethylene glycol, a 1,2-propanediol, 1 ,3-propanediol, 1 ,3-butanediol, 1 ,4-butanediol, 2,3- 
butanediol, 1 ,5-pentanediol, 2-butene-1, 4-diol, the 2-methyl- 2, 4™pentanediol, 1,2,6- 
hexanetriol, diacetone alcohol, etc. with a nonaqueous solubility alcohol system compound benzyl 
alcohol, 1,5,5-trimethyl 3-cyclohexanone is mentioned with a ketone system compound, gamma- 
butyrolactone is mentioned in others, independence or two sorts or more can be mixed, and each 
above-mentioned compound can be used. As a desirable example, as an independent solvent, 
especially Among these, N-methyl pyrrolidone, As N.N-dimethylformamide, N,N~ 
dimethylacetamide, diethylene glycol monomethyi ether, and a mixed solvent, Combination, such 
as N-methyl pyrrolidone, diethylene glycol monomethyi ether and N-methyl pyrrolidone, methanol 
and N-methyl pyrrolidone, and 2-methoxyethanol, is raised. 
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[0020]As for the viscosity of the polyimide precursor solution in this invention, 50 poise or more 
is preferred, and it is 200 poise or more more preferably. The amount of preferred orientation of 
the chain in the longitudinal direction and hoop direction of a polyimide seamless tube of this 
invention is less than 0.1, and anisotropy is not substantially shown in a longitudinal direction and 
a hoop direction. Generally the polyimide precursor this [ whose ] the shown carboxylic acid and 
a general formula (3) general-formula (2) Is a salt which consists of shown diamine has a low 
molecular weight, Since it is hard to start the orientation of a chain to the external force applied 
when fabricated in the polyimide precursor state and a polymerization reaction is simultaneously 
produced in an imide-ized stage, Extension by friction between the tube film which it is going to 
contract by an intramolecular ring closure reaction, and the metallic mold surface is checked by 
motion of the molecule which it is going to polymer-ize. for this reason, to a longitudinal direction 
and a hoop direction, it is alike, it sets, and a polyimide molecule does not carry out orientation 
in the specific direction. Therefore, the polyimide seamless tube of this invention shows the 
value whose elastic modulus in a longitudinal direction and a hoop direction is almost the same 
[0021] 

[Working example]This invention is not limited by these working examples although an working 
example explains this invention concretely below. 

[0022]It dissolved in 355 g of N,N-dimethylacetamide, and 10.27 g (0.095 mol) of working- 
example 1 p phenyienediamines were stirred under the room temperature. 4.36g (0.02 mol) of 
pyromellitic dianhydride and 23,54 g (0.08 mol) of biphenyl tetracarboxylic dianhydride were 
added to this in 1 minute, and it stirred under the room temperature for 2 hours. The methanol 
0.48g (0.015 mo!) and 0.024 g of dimethylamino ethanol were added, and it stirred on a 70 ** 
water bath for 2 hours. After cooling to a room temperature, when the diaminodiphenyl ether 
1 -001 g (0.005 mol) was added and churning was continued for further 1 hour, the uniform yellow- 
orange color transparent solution was obtained (solute concentration 10 mass %). In this way, the 
spray coat of the obtained polyimide precursor solution was carried out to the cylindrical metallic 
mold. Temperature up was carried out over 5 hours to 300 **, carrying out temperature up of 
this gradually under a nitrogen atmosphere, the polyimide precursor was imide-ized, and the 
polyimide seamless tube was unmolded from the metallic mold. It was 57 micrometers, when this 
polyimide seamless tube was cleared and thickness measurement was performed. To the cleared 
tube, when the modulus of elasticity in tension in a longitudinal direction was measured, the 
value more than 500kg[/mm ] 2 was shown. When the water absorption of the cleared tube was 
measured, it was 1.1 mass %, and the rate of a dimensional change in a longitudinal direction and 
a hoop direction was less than 0.1%. When radioparency diffraction method measurement of this 
tube was carried out, since crystalline diffraction was seen near 2 theta^ 1 1 degree, the 
diffraction intensity distribution at the time of fixing 2 theta and changing theta angle was 
measured, but a strong change was not seen but the amount of preferred orientation was 0. 
[0023]It dissolved in 341 g of N,N-dimethy!acetamide, and 10.27 g (0.095 mol) of working- 
example 2 p phenyienediamines were stirred under a room temperature. 8.72g (0.04 mol) of 
pyromellitic dianhydride and 17.65 g (0.06 mol) of biphenyl tetracarboxylic dianhydride were 
added to this in 1 minute, and it stirred under a room temperature for 2 hours. The methanol 
0.48g (0.015 mol) and 0.024 g of dimethylamino ethanol were added, and it stirred on a 70 ** 
water bath for 2 hours. After cooling to a room temperature, when the diaminodiphenyl ether 
1 -001 g (0.005 moi) was added and churning was continued for further 1 hour, a uniform yellow- 
orange color transparent solution was obtained (solute concentration 10 mass %). In this way, the 
spray coat of the obtained polyimide precursor solution was carried out to a cylindrical metallic 
mold. Carrying out temperature up of this gradually under a nitrogen atmosphere, by carrying out 
temperature up over 5 hours to 300 **, a polyimide precursor was imide-ized and a polyimide 
seamless tube was unmolded from a metallic mold. It was 56 micrometers, when this polyimide 
seamless tube was cleared and thickness measurement was performed. To a cleared tube, when 
an elastic modulus in a longitudinal direction was measured, a value more than 5Q0kg[/mm ] 2 
was shown. When water absorption of a cleared tube was measured, it was 1.2 mass %, and a 
rate of a dimensional change in a longitudinal direction and a hoop direction was less than 0.1%. 
When radioparency diffraction method measurement of this tube was carried out, since 
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crystalline diffraction was seen near 2 theta= 1 1 degree, diffraction intensity distribution at the 
time of fixing 2 theta and changing theta angle was measured, but a strong change was not seen 
but the amount of preferred orientation was 0. 

[0024]lt dissolved in 328 g of N.N-dimethylacetamide, and 10.27 g (0.095 mo!) of working- 
example 3 p phenylenediamines were stirred under the room temperature, 1 3.1 g (0.06 mol) of 
pyromellitic dianhydride and 11.8 g (0.04 mol) of bipheny! tetracarboxylic dianhydride were added 
to this in 1 minute, and it stirred under the room temperature for 2 hours. The methanol 0.48g 
(0.015 mo!) and 0.024 g of dimethylamino ethanol were added, and it stirred on a 70 ** water 
bath for 2 h ours. After cooling to a room temperature, when the diaminodiphenyl ether 1.001 g 
(0.005 mol) was added and churning was continued for further 1 hour, the uniform yellow-orange 
color transparent solution was obtained (solute concentration 10 mass %). The spray coat of the 
obtained polyimide precursor solution was carried out to the cylindrical metallic mold. Carrying 
out temperature up of this gradually under a nitrogen atmosphere, by carrying out temperature 
up over 5 hours to 300 **, the polyimide precursor was imideHzed and the polyimide seamless 
tube was unmolded from the metallic mold. It was 57 micrometers, when this polyimide seamless 
tube was cleared and thickness measurement was performed. To the cleared tube, when the 
elastic modulus in a longitudinal direction was measured, the value more than 520kg[/mm ] 2 was 
shown. When the water absorption of the cleared tube was measured, it was 1.1 mass %, and the 
rate of a dimensional change in a longitudinal direction and a hoop direction was less than 0.1%. 
When radioparency diffraction method measurement of this tube was carried out, since 
crystalline diffraction was seen near 2 theta= 1 1 degree, the diffraction intensity distribution at 
the time of fixing 2 theta and changing theta angie was measured, but a strong change was not 
seen but the amount of preferred orientation was 0. 

[0025]It was made to distribute carbon-black 2 mass % in addition using a kneading machine to 
the solid content of the polyimide precursor solution obtained in working-example 4 working 
example 1. In this way, temperature up was carried out over 5 hours to 300 **, the polyimide 
precursor was imide-ized, having carried out the spray coat of the polyimide precursor solution 
which distributed the obtained carbon black on the metallic mold, and carrying out temperature 
up gradually under a nitrogen atmosphere, and the polyimide seamless tube was unmolded from 
the metallic mold. It was 67 micrometers, when this polyimide seamless tube was cleared and 
thickness measurement was performed. To the cleared tube, when the elastic modulus in a 
longitudinal direction was measured, the value more than 550kg[/mm ] 2 was shown. When the 
water absorption of the cleared tube was measured, it was 1.1 mass %, and the rate of a 
dimensional change in a longitudinal direction and a hoop direction was less than 0.1%. When 
radioparency diffraction method measurement of this tube was carried out, since crystalline 
diffraction was seen near 2 theta= 1 1 degree, the diffraction intensity distribution at the time of 
fixing 2 theta and changing theta angle was measured, but a strong change was not seen but the 
amount of preferred orientation was 0. 

[0026]carbon-fiber 4 mass % In addition, the polyimide precursor solution obtained in working- 
example 5 working example 1 was distributed using the kneading machine to solid content In this 
way, the cylindrical metallic mold was immersed into the polyimide precursor solution which is 
distributing the obtained carbon fiber, and it pulled up calmly. Free fall of the ring shape dice 
which has an inside diameter larger 0.6 mm than a metallic mold outer diameter was carried out 
to this cylindrical metallic mold, and it was made to pass it. Carrying out temperature up 
gradually under a nitrogen atmosphere, by carrying out temperature up over 5 hours to 300 **, 
the polyimide precursor imide-ized and the poiyimide seamless tube was unmolded from the 
metallic mold. It was 56 micrometers, when this polyimide seamless tube was cleared and 
thickness measurement was performed. To the cleared tube, when the elastic modulus in a 
longitudinal direction was measured, the value more than 530kg[/mm ] 2 was shown. When the 
water absorption of the cleared tube was measured, it was 1.3 mass %, and the rate of a 
dimensional change in a longitudinal direction and a hoop direction was less than 0.1%. When 
radioparency diffraction method measurement of this tube was carried out, since crystalline 
diffraction was seen near 2 theta^ 1 1 degree, the diffraction intensity distribution at the time of 
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fixing 2 theta and changing theta angle was measured, but a strong change was not seen but the 
amount of preferred orientation was 0. 

[0027]It dissolved in 386 g of N,N-dimethylacetamide, and 10.27 g (0.095 mol) of comparative 
example 1 p phenylenediamines were stirred under the room temperature. 17.4g (0.08 mol) of 
pyromellitic dianhydride and 5.88 g (0.02 mol) of biphenyl tetracarboxylic dianhydride were added 
to this, it stirred under the room temperature for 2 hours, and the uniform yellow-orange color 
transparent solution was obtained (solute concentration 8 mass %). The spray coat of the 
obtained polyimide precursor solution was carried out. The spray coat was performed, and imide- 
ization was performed by carrying out temperature up over 5 hours to 300 **, carrying out 
temperature up of this gradually under a nitrogen atmosphere until it became the predetermined 
amount of coating thickness suitably, drying at 80 **. It was 50 micrometers, when unmoided the 
imide-ized tube from the metallic moid, the polyimide seamless tube was obtained, this was 
cleared and thickness measurement was performed. To the cleared tube, when the elastic 
modulus was measured, 430kg[/mm ] 2 and a low value were shown. 

[0028]It dissolved in 359 g of N,N-dimethylacetamide, and 10.8 g (0.1 mol) of comparative 
example 2 p phenylenediamines were stirred under the room temperature. 4.3g (0.02 mol) of 
pyromellitic dianhydride and 23.5 g (0.08 mol) of biphenyl tetracarboxylic dianhydride were added 
to this in 1 minute, and it stirred under the room temperature for 2 hours. The methanol 0.48g 
(0.015 mol) and 0.024 g of dimethylamino ethanol were added, and it stirred at the 70 ** water 
bath place for 2 hours. After cooling to a room temperature, when the diaminodiphenyl ether 
1 .001 g (0.005 mol) was added and churning was continued for further 1 hour, the uniform yellow- 
orange color transparent solution was obtained (solute concentration 10 mass %). In this way, the 
spray coat was carried out for the obtained polyimide precursor solution to the cylindrical 
metallic mold lateral surface like the comparative example 1. Although imide-ization was 
performed by carrying out temperature up over 5 hours to 300 **, carrying out temperature up 
of this gradually under a nitrogen atmosphere, the film was not able to be torn and was not able 
to obtain a tube. The thickness of the piece of a film was 55 micrometers. 
[0029]lt dissolved in 211 g of N,N-dimethylacetamide, and 10.8 g (0.1 mo!) of comparative 
example 3 p phenylenediamines were stirred under a room temperature. 29.4 g (0.1 mol) of 
biphenyl tetracarboxylic dianhydride is added to this, Stir under a room temperature for 2 hours, 
and a polyimide precursor solution in which a uniform yellow-orange color transparent solution 
was obtained and which was obtained in this way (solute concentration 16 mass %) is applied to 
cylindrical metallic mold lateral surface with a brush, A precursor solution was uniformly applied 
to a metallic moid outside surface by letting a ring shape dice which has an inside diameter 
larger 300 micrometers than a metallic mold outer diameter in this pass. Carrying out 
temperature up of this gradually under a nitrogen atmosphere, by carrying out temperature up 
over 5 hours to 300 **, it imide-ized and a polyimide seamless tube was unmoided from a 
metallic mold. It was 40 micrometers, when this polyimide seamless tube was cleared and 
thickness measurement was performed. To a cleared tube, when an elastic modulus was 

measured, a value of 440~470kg[/mm ] 2 was shown in a hoop direction, but only a value of 

420kg[/mm ] 2 was shown in a longitudinal direction. When water absorption of a cleared tube 
was measured, it was 0.9 mass %. When diffraction intensity distribution at the time of fixing 2 
theta and changing theta angle, since crystalline diffraction was seen near 2 theta 11 1 1 degree 
when radioparency diffraction method measurement of this tube is carried out was measured, a 
strong change was seen and the amount of preferred orientation was about 0.4 in a hoop 
direction. A result about weighted solidity of the above-mentioned polyimide seamless tube is 
shown in Table 1, 
[0030] 
[Table 1] 
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[0031] 

[Effect of the InventionjAs mentioned above, the amount of preferred orientation of the chain in 
a longitudinal direction and a hoop direction is low, the polyimide seamless tube of this invention 
does not show anisotropy substantially, but has a high elastic modulus also in the longitudinal 
direction and the hoop direction, and its water absorption is iow. The thing which made carbon 
black contain especially has conductivity, and can solve the problem of electrostatic property. 
The thing containing carbon fiber turns into that in which the mechanical property was more 
excellent while it has conductivity and can solve the problem of electrostatic property. 
Therefore, the polyimide seamless tube of this invention can carry out a prolonged stably travel 
as a copying machine and a heat fusing tube of a printer. According to this invention, such a 
polyimide seamless tube can be manufactured easily. 



[Translation done.] 
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